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& corporation organized under the laws of 
the State of Delaware, one of the United 
State* of America, of 270, Madison 
Avejrue,City of Few York, State of New- 
York, • United State3 of America, do 
hereby declare the invention, far which 
we pray that a patent may be granted to 
H8, and the method by; which it ia to be 
performed, to be particularly described 
in and by- the following statement : — 

.Tii* invention relate* to the production 
of starch products of improved properties. 
More specifically., 14 related -to the treat- 
ment of starohes whereby theV attain 
greater 'viscosity (i.e* water aosorptive 
powers), greater clarity of the cooked 
pastes, greater resistance to gelling of 
the p^tes upon cooling, ana* lowered 
golatinikation point, as compared to the 
corre»pondin^ untreated starch materiaL 

The improved propertied set forth above 
are of particular importance in the manu- 
facture of adhesives, the nee of starch as 
a thickening" agent in foods and the 
fabrication of certain types of textiles 
and papars. Of particular sijpiilcanoo 
from the standpoint of industrial utiliz- 
ation is the fact tfvsb ouch starches, when 
cooked in the presence of aoida or ealfce, 
fihow MarieKilly W loan of ^their Viscwtj 
and clarity than do the " corresponding: 
untreated starches. ' • - " - 

It is the prime object of the present 
invention to produce" starch' demativetr 
having the above properties and ,to devise 
a method fox *he ready " production of 
said products* Other object* will become 
apparent from tha enerung's^ciAcaiaor.. 
. In this specification the term f r etaxch : ' ,, 
includes starch 'from any lonice, such as 
cbrni wheat, potato, tapioca, waxy-maiise^. 



sago, sweet potato and the like, and also 
staxohes whack have been converted, 
either by acid hydrolysis, oxidation or 46 
other means. 

Wa Krtc discovered that starch 
derivatives of these and other improved 
properties of camimeroistl importance may 
i>e formed by the production of tin- 60 
geU&nii&ed starch derivatives containing 
sulfonic acid mrd™. Thifl production oan , 
b« efected, either by reacting raw starch 
with suitable 'reagents or by reacting 
certain un^turated, ungelatimzed starch 65 
leiivativBs with a chemical containing 
the sulfoxide acid group, such as a basuHte. 
In either- event/ the improved. tu» 
gelatinised ' starch Uerivatrve of the? 
oxesent invention ia "characterized by con- 00 
foiniag a> sulfonic acid grbto. 

Wh<£i m unsaturated "" tLh^eiatini»ed . 
starch* derivatives* are employed, the 
8 baroh nxis&turaiion * is . caused by an 
ethylenic double bond as shown diagrton- 
maticaliy by the f ollowing f onanist : 

wherein U may be — ©C — , — odoHj— . 

• j, i 

~O0H; ox — OCH,0^, 4rfd wherein, if 
both Sj, and B» are hydrogen,. "S^m-ttst be 7fr 
a memoer of- the jflbrct gfcup consisting of 
foxmyl, cyano/^boxv. caxbalkoxy and 
carbalkyl radioale; and 'if.' either ox R« • 
or both are members o£ the second group 
consisting of formyl, cyano, earboxy, 75 
aliyl/'aryl 'and snttetituted alky! and 
exyi radicals, then H» must be hydrogen 
or * member of the 'aeoSndr group. An 
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■ - of *e first type af derivative *u 

2^ both B, and B/ie hydrog^?th*" 

« ti» potato starch ester of dfcra<X 

17P6 of amrntrro m which only one of 

m> «• one aterch aster of aaWaoilS 
^aoheiihOT B 3 or B, is a carboxy radical 

ester of arotouto acid in which either B. 
16 or L is ^ alfcyl radical (see ExaaplTlI) 
all of these examples, in which ather 
or B. or both are act hydrogen, B, is 
hydrogen, but this is not essential totha 
carrying out of the invention. To put the 

tha radical* of the first group, but instead 
aay he hydrogen, then eithir B, orBTor 
both must be a member of the second 
group. - 

ttat type of unsaturated derivative in 
S ?» ^ Mrogoa and B, is 

not * radical chosen from the first group. 
Wo haro found, that the use of this latter 
<JU type cfTmsa^ted darmtxre produces a 
£5 P K 7 tn»« of product from 

thai of the present invention. ' " 

u I*?** 3 - ™& ^Ifito for the purposes of 

derivatives mto which sulfonic acid 
groups ntay be introduced are,' far 
ttampK certain of the sfcaroh patera uw- 
pared, by tr eating starch" in aqueous sus- 
40 pension with alkali and with anhydrides 
of organic acids watainjng double bonds, 
aucfi. as the anhydriaes of mitW citea- 
coauo , itaoonio and orotouii acide. B is to 
ba understood^howeVer, that the practice. 
** of the invention » not limited to starch* 
d ^^^? made by any particular 
mathod, ji^only hmitijig factor being 
tha£ the .starch derivatives treated must 
cOTteaa unsaturated radicals of the type 
30 described, the unsaturatioa being due to 
thepresence of an ethylenic double bond. 

Th.e .treatment of. unsaturated starch 
derivatives with bisulfite, according to 
our invention, can be carried cut hi 
«q»eoos suspension, . at temperatures 
below the galatmisatiou tamperaiure of 
tie starch or starch derivative. TTn> makes 
it possible to filter and wash tha lesultans 
jtarch product-* fact of considerable 
smportanoe jn the industrial application 
of this process. " 

Although in dealing with complex re~ 
actions of the type under discussion, 
analysis of the molecular changes 
involrea cannot be carried out w-'th 



011 -a* unsaturated atarrdi 
derivative causes a saturation D 

hisulfite group to one of the unsaturate! 
carbon atoms on the chain. ThSs* i?Se 

Sh ■S? tt rtA 

reacted with sodium bisulfite, the result. 

ffifStl^ ,P° U £ » illustrated as 80 
atSoh^^fl.W' instead be 

^iY^JT ^ !° that the 

gxanule structure of the starch ha4 w 

hydrosyl group, uas probably taken pkw 90 
cm the surface of As granule. AoToffi 
to the process of the prraent k^Hor? 
^T^en granule oTX Xroh "S 
«fc^ed; in o&er words, the additton ol 

place wrtt unsaturated groups on the ' 
surface of the graaula, JFS&n \*l 

Wate adoithm can take place in 

SS»T TO 5i^ aI< ? n ' , ifc *m W« found 
SlL + 8d i ltl<m of *• suHonic aSd 
g-oup to. the unsaturated.' radical' also 

St^h^- 1 ^ 3 ^ *• " saturated 103 
^aroh denvatiTB Is reflused in ethaubl or 
other nonaqueous media, in the presence - 

treatment of the ltaccnio acid ester of 

of course^ that starch wiU not ffahitiuiae 
m the absence of suhstahtial proportions 

rL^ £8r ' !2. d J t L her ^°". thla-afcoEd, 
rafluaaag method has the same advantages 
as the aqueous method, namely, ft r«Ste 115 
S'oduoi^ ^"hahl,, filterahle 

As has i already" been aet forth, " it is 
possible to form on ungelatinized ata'roh 
granule containing eulfohio add groupe, 120 
which granule corrcspohds to the 
molecular strucW prtmouoly set "forth; 
br ubbsmg raw starch ^fdiat is," starch 
wlucn doesnoi contain the unsaturated 
radicals). Thu uagelaiinised raw starch 128 
ia treated with alkali an d with 
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estera Th* said Mapounda, -rhioh com- 
biaa ii e functions oi rfaa.f™SnS 
wufome acid addition are AiZr X i 



1ft 
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•> 0-anaatojated oUfiw sulfonio acid* 

ffi "F 0 ^^!^ "I* o« aaid acids, 
ffe 'W^'W etharor ester dari- 
▼Atwe of starch -which contains sulfonic 
acid groups. In «d« to <*use sXtan- 
taal teacfaon. of these acids with storch 
it has bean found ^ ratfeer 

SSuU- * « ^T 1 *" 08611 plained that 
gelatiamboa of the starch ia to be 

*l rfrt,™^ 4 ^""^J oaase gelatinisKou 
ranaod the starch m » coiacaatratod 
a aitak and tha rabsequanfc addition of 
30 Tha SSL* ,f^-. fomijl ? dematim 

& ° f iv^ starci 111 ofX 
lug-Ji aUah C5>no«mtratioii8 needed for this 
reaction. This antt-^attoizatida effect ia 
ajppareat area at traipatatufea tfp to lOO* 
^ Vfflwna ft ia possible to nee tower 
quantrhes of "alkali V as tc aVoid K 
tuuzatwn, making unnecessary & e use o£ 
soaium sulfate, b*t a oobaid«ahl r Wr 

It. w 7 H 09 aeen the* Wrhave indicated 

iS^T 0 ***'? 0 ?? 1 *"» •« starch 
der.TatiTes cantanung roJ2onio. acid 
groups, i.e. otaich esters stud etnxoh 
ether*. As compared to the sikibh eaters, 
starch, ethers and fair atar'oh fxron -which 
t}*LS* produocd, -thsjaodTOto" - 0 f "tha 

• *** tere4 - 

60 S e I ^"li in**™* .Trater.aoaom. 
ov tion. Thai » ther nar be cooked Tritk * 
W quantity oT*a& fcf4l?5; 
stwoh or -tha uniraated atarca ester or 
produce , paste, of a given 

S. The' cooked stapeamoaSj or. wastes 

.p 19 , «ooked" suspensions, or peatee. 
exhibit a lessened tendency to eat to- a «d 
■ upoa aboliag; * ^ 

lojkr^ 6 ' 8 f atia±1B ? ti0 . n fampTOiW is 
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oniycaxooxyl groupa ^ouM do. 
ahSa 3 ° f ^Pnwiaait brought 

E§?5S«fiBfi 
SSR!S5S2!<fi. 

per 16 n^^i^P i 1 aaflat ^*«i radical ' 
ranKe am»B«. ^fffliy tho same 

hJL^JF 9 *** 1 * of T>iauMte used - 

L« ? steataxont perndts d«er««5^iiit 
tempgature andjor debased 3?" 

ner3^ 't 186 ^ tamperature and 
period of reaction are iatertdLateA i » 



of reaction Jb invtaeeiy proportional to 
BojOTiag to mcreaaad temperatures, it 

***** 50 a **** ™» ttt 

utem of. fete starch; this, hawe™ can. be 
oraroome by- carrying out the reaction in 
a saturated aodiam. sulfite solution, as 
10 pr»rum»l7 described. • ■ ^ 
Tte Mowing samples "trill- further 
uluatrate the embodimeirt of X 
minium. . - * UB 

18 'Phis ^mpk muitraiea ths treatment 
of a wrn starch ertisr of maieio acid with 
sodium hianlfit e 1 • - • , 

100 parts of com starch ester of maleic 
acid (starch. — 0— 0— OH^CHGOOH) 



30 ooata^g 1 maieio acid aster radical per 
^ anhyaroglucose units is suspended ui 
,<JU0 parts of water in which, ia dissolyed 15 
^arta of sodium bdcnUflte. The mixture ia 
stared for 4 hcure at room temperature. 
Tie s^ product is then filtered and 
waan*<L The resultant product has tie 
wnproTBd properties previously described 
namely increased water absorption! 
greater clarity, lessened tendency of the 
cooked paste to gel upon cooling, lowered 
gelatmisation temperature, and less 
senaztmty (so acids and salta—al! as com- 
pared to the starch ester prior to intro- 
duction of the sulfonic .acid groups. ' 

. ' / BXAMTM IL 

This example illustrates the treatment 
of a tapioca starch ester of crotonio acid 
with potassium "bisulfite, 
• 100 parte of tapioca starch ester of 
40 crotonio acid. 

(starch —0--$^K~(mr^ZBJ 
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ooniaimn^ 1 orotouia ester radical' per 28 
anirpdroglueose units is suspended in 200 
parte of water in which* is. dieablTCd 8 
45 pacta of potassium bisulfite. The suspei^ 
axon of starch ia stirred fox* three hours, 
. nxwn^ni% the temperature, at 50* tf 4 
The staroh is then filtered and washed. 
The Yerofent product exhibits &e kn- 
ot* £iwed propeVtiea described in Example 

.. _ • ExaMPEaUl. 
This .example illuatrates tie treatment 

, of ^potato- starch ester of " citraoonio acid 

55 Wi£h 'aromoBium hdsulfiie.! 

.100 'parts of potato "exarch, ester of 
tttraudnio acid (Jit*. 

'(starch —Q^&JIJR . 



25 ^25* J * ™ W :in **** * ^oW 
ff. of ammonium bisulfite. Aft*r 
•tog the suspension for 6 hou£^ 

IIT^FT^ * e Btarct * filtered 
and wwhjd The improved properties 85 

This example illustrates the treatment 
o£ a com starch efchar of l-hydxoxy 3- TO 
£goxy prspeno^o with soS 7 bt 

100 -poxta of the corn starch „tw 
J wSZS ^ ftmiD «,^e radical of 

*8J«OMrtum of 1 . radical per 82 
wujydroelucose units ia auflpended ia 200 
grasns of irate* in vhioh ia diaaolTed 9 0 
CTamfl of sodium bianlfito. The zoixfeorela 80 
$?*L Io l * ^a*^ temperature, 
^a ?taroh .is then Altered and wahed, 
resulting m the iapi OT ed product 
pumonsly described. 

TMa example fflwtaW flu" treatment * 

unmodilbd staroh ia reacted with a com. 
pound vhaoh contains the sulfonic group. 

100 parte or unmodified corn staroh la 90 
saspwded m 200 parts of water in which ' 
has been di^olrad 3.6 parte- of cauatfo 
soda and 75 parte of sodium, sulfate. 
There ia then added 5.0 parts of sodium 
Wyl chbride para suifo B ate. Tie mix- 95 
tore wateedaad heated at 60* 0. for 4J " 
Hours. The aliali is then neutralised with 
acid and the starch is fiKerad and washed, 

i* Jfei k*!**™*- "product 
prenousl7 defloribed. inn 

. _ . Exii£FLE 71. 100 

^-^^x®**^ 119 ' ^ ^ pra-rioiis oho, 
ilmateatea &e treatment of an: unmodified 

100 parts of unmodHed corn starch, is iofi 
suspended m 200 parte of Wax in which 
had been diBsolyed 4.5 parfe of -sodium 
hydroxide and 75 parte of sodium sulfate. 
^10X0^ then- added 5 part* of ^odhurt 
cmor^WBthylo-lsethianate j^q 

Tho mixture J* «tirred at roOTi' tempera- 
ture for 17 hours. The *"alian is th.en 
neutralirad wifh adid and the starch, 
fiiterect and washed. ' This .product qlso US 
exJubiis the .ompruYBd properties pr^i- 
oualynotede , 

This example Illustrates tfie'treatoent 
of a corn starch ester of ^aleic acid with, igo 
.sodium bisulfite. It differs from Example 
I m that a staroh deriyatiTB is used which 
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portion of tSsoMt! . ™" * ^ *»- 4* acco^S? fi « M 

?n ?M ^^ gkco86 ^ MepeniS Sr^LS^L » spared to 



z^a^V- itacoaio ^ radical n,* 26 



SO 



a«I j""f * «wwmo eater radical tier 2fi ™/>«»,if« , ranker unproved 

lb a^^oghcose units is snsS^ ^f? M ? ie8 1 * r<! 4 ™ to the fiwTthS 



30 



wii-e^T ~I!,?]r? 0 T^ b«m proposed 
S t £h?*lZ*^;** alkali 



jm. con- 
fer 



ttaa carbonic acid g^upslnT 
aeojieoce, Juts even «eater afflj 
water than do the carloxyi grout 

.W t8 4 , 0taractei:i8tiea °< h£g£ water a* 
aW^ivgraater clarity a£d J£{£ 95 

as Sed 

^ated, as compared to the raw, anfceat^ f*LtL A! ^ o«i«.maau- 

atarch, are jdmflax, althow* toTw £l£ * J^ 0 ^ Particular agniSoa 
de^ee, fa, ^improved ohtS £* iS 0 ^ 1 ^ » rStSSrf 



• properties of increased t.faV.tL 
g»te clarity, aJff^^S 
to the uatrerfed eiaroh. ffia etSS 
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n«m«.2u ; • J> ? 3 manufactur* of food 
impror«ment in tlieea sam* ar>*\ii^3 2-^ COSX ^ 3216 Parity mder anolT n^T 

or^feT* give the 120 

products of oui uiTOntion great nkain 

Mrtioa, it is noted that the sulfo^o acid 
STOOD lE^rcmaoo «,» «in_ij r:. t*^?- 



— — .i^uiymoj^ oiant 
a» previously described. 

?h»°^i 0 ^ d «^Tdxida treat- 
, *, WWt of the oro-amV 
abides Tcpou the star^SL^ 

ester dermttres irar 9 formed, in which 
we carbon! group of the dlcarbccS 
acxd auhydrida was esferi&d £K 

Avojuxyl group of iKe siarcvh moldcttlo rTn ^ T r"~ J Aa me suifcmio aoid 

uueetawfied. This free, ox uriestecfledT Kct«ri«^ ■» ^Portant 

carbozyl group or its aftali metalsali is ' — 



^ refil *^t riuee and Aiiates for 



" e to &e manufacture of pa par fo^- 
S characterise of JmiffJSlLSS. 

T^hat we olaim is:— 
f'J^e method of formiar an on. 

1& W P /^ d ab **ptra powers and a 

io lowared gdataisation poiat which dSa! 

S^f-f**, °. f oMaromethvlc!- 
iflethianw aed. and salts thereof, X 

-atnxaxed olefine ndfonio adds infeSts 

acid sad salts thereof with raw starci in 
«top«n»» of alkali nndar conditions as 
Wn de«ned for avoidin* gelatb^S? 
or reacting, under the md conditions a 

pWnttd and She acid sritatSrf X, 
an unsaved ^on derivations 

(C A^aC^O^— a— c * C— E,, in 

"Jt E " 

30 which B « a member of tba" group omaisfc. 



Srf 0 *^ 0,161 ™ viio11 ; * *oth E, 
^ *2 M™*^ B, urasi be a 
35 ft£J? 8 r *™P consistin? of 

S^Lt 7 ^'- T ^WkS^and 
«uba%l radicals and in which, if 
either B, or E, or both are members of 
tie second gwnp consisting of fonnvl 

2. The method of claim 1, wherein raw 



starch : 3 reacted with sodium ohloro- 

The method of claim I wherein 
*7 ***** raactad with sodium W 
ehloxide parasulfonate. 

stath w!?L d / ^ X V raw- 
acid! 3B ^onio 50 

6 * ,a *£ oA /> f «^ 1 in. which the 
riarcn derivative xs an unsaturated trtarch 

. 9 ', T 4 9 of olsim 1 ia which the 66 

rtE? iemifaTe * * a ^atorated starch 

7. The i method of claim 1 wheraia the 
unsaturated starch derivative is reacted 
mfc sodium HsuMte, X *™ t * d 60 

8. Tie method of <il«»n 1 wherein th a 
unsaturated starch derivative is Reacted 
mtb potassium pisulflte. 80 

9 The method of claim 1 wherein the 
unsaturated starch derivative 5 3 66 
■with ammonium bisulfite. 
• -JO. The method of claim 1 wherein tie 

P*f*wa dttnng tixe reaetton. 

Y e . aa etl l od of claim x therein the 70 
starcn derivative is held in ae-acueous 
5 ^£e^n durin* the reaction. 

i_ * 6 "^od of claim 1 in -which the 
nnsatarated starch derivative is reacted 
in a medicmof eth 7 l alcohol! re&C * 6d 7 6 
^Jfj ^»lateu«d starch derivative 
oompruuig the reaction ptcdnc* of the 

method claims 1 12. 

f 4 - method of making an an- 
platinised starch derivattv? havim? 80 
^proved absorbent powars and a lowered 
fhJ^S™ mi Product 

deSobed 48 Wd * lfefore * 
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